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Running example problems in BOUT++ 



 Test problems are essential for verification,  

also helpful for new users learning the code 

• Test problems can be used for verification testing 

• Can promptly point to bugs introduced in the code 

• Provide simple fast demonstrations how to use the code  

• Provide good starting point for developing a new physics application 

• Suite of test problems is a part of code distribution, including 

– Gravitational interchange instability 

– Resistive drift instability 

– Shear-Alfven wave 

– Many others… 

 

 

 

 

 

• Most of these tests can be run automatically by existing scripts 
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Several steps are involved in setting up and running 

example cases in BOUT++ 

4 

Output in a set of 
binary files in PDB or 

netCDF format 

BOUT.dmp.0.nc 

BOUT.dmp.1.nc 

etc 

Binary executable, e.g., 
example.exe 

C++ source file with 
physics model, e.g., 

example.cxx 

Binary libraries  

bout++.a, pvode.a etc 

 Grid file in binary format 
(PDB or netCDF), e.g., 

slabgrid.nc 

Options file BOUT.inp 

in editable ASCII format 
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For simple slab geometry one can 
use grid options in BOUT.inp instead 
of using an external grid file 



Physics model for gravitational flute instability 

Physics equations in BOUT 
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¶v

¶t
= 2wcib0 ´k ·ÑP

¶Ni
¶t

= -VE ·ÑNi0

v º Ni0Ñ^

2f

P = T0Ni

From “Plasma physics and  

controlled fusion” by F. F. Chen  

• Equations for perturbations 

• Assumed equilibrium terms 

are in balance 

• Vorticity equation combines 

current continuity and 

perpendicular momentum 

• Certain ordering assumptions 

built in  



In the C++ physics model source file  

equations are encoded in readable form 
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¶v

¶t
= 2wcib0 ´k ·ÑP

Setting up physics 
model in the code 

Source code for this physics model in 
examples/interchange-instability/ 
2fluid.cxx 

¶Ni
¶t

= -VE ·ÑNi0

v º Ni0Ñ^

2f

P =T0Ni



Grid file can be generated with an IDL routine 
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In /tools/slab/slab.pro: Generating arrays of geometry and plasma parameters 
and saving them in a binary file (NetCDF or PDB) 



And this is what the grid data looks like… 
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p 



Code run is managed with a shell script 
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> cd <>/examples/interchange-instability 
> source runcase.sh 
…code running… 
> idl runidl.pro => produces plots 
 
 
 
 
 

In examples/interchange-instability/runcase.sh 

R=1 m 

R=10 m 

Two cases, R=1 and R=10,  
are run by the script,  
for different values of  
radius of curvature 



Options file BOUT.inp is used to change basic physics and 

numerical options without recompiling 
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In examples/interchange-
instability/data_1/BOUT.inp 
data_10/BOUT.inp 
 
 
Only difference in using different 
geometry files: 
grid = "slab.6b5.r1.cdl 
grid = "slab.6b5.r10.cdl 



Output is processed with IDL script  

which produces plots, numerical values etc 
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In examples/interchange-instability/ 
runidl.pro 



BOUT++ correctly reproduces analytic answer  

for the interchange mode growth rate! 
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Run results plotted in examples/interchange-instability/interchange_inst_test.ps 



Suggested exercises for practice 

• Basic 

– Run the interchange-instability case 

– Run the IDL processing script 

– View the plot 

 
cd <path to BOUT++>/examples/interchange-instability 

source runcase.sh 

idl runidl.pro 

gv interchange_inst_test.ps  

 

• Intermediate 

– Read/understand/modify the source file 2fluid.cxx and scripts 

runcase.sh, runidl.pro 

• Advanced 

– Try setting up a new simple case from scratch 
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Downloading and compiling BOUT++ on hopper 

• more /global/homes/u/umansky/BOUT_Workshop_2013/README 

 

 

• module swap PrgEnv-pgi PrgEnv-gnu 

• module load gcc/4.6.3 

• module load netcdf/4.1.3 

• module load fftw 

• module load idl/bout 

• module load gv 

• setenv BOUT_TOP $HOME/BOUT_Workshop_2013/BOUT-2.0/ 

• setenv BW13 /global/homes/u/umansky/BOUT_Workshop_2013 

• setenv IDL_STARTUP $BW13/idl_startup.pro 

• mkdir BOUT_Workshop_2013 

• cd BOUT_Workshop_2013/ 

• git clone https://github.com/boutproject/BOUT-2.0.git 

• cd BOUT-2.0/ 

• ./configure 

• make 
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